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PREFACE 



Thi3 thesis io intended to familiarize the reader vdth the 
cloncntary principles of tho traveling-ram) tube and the aocociated 
probloma. Tho eoope will bo confined to tho uoe of a helix type 
alow wave circuit structure « Primary concern is higher gain vdth 
low added leases without oscillations* Conventional tubes commonly 
being used at proeont are discussed. A principle for tho design of 
a now tubo io proposed vdth thoorotical poooibilitioo and experimental 
noaouroronts performed cal a roprosontative tubo embodying this prin- 
ciple)* 

Appreciation io expressed to Dr. S, F. Kaicel of Stanford Univer- 
sity who supervised tho design and contributod valuable guidance* 

H. F. Poult® r, of Stanford University Electronic Rose arch Laboratory, 
was directly in charge of tho physical construction and measurement 0* 
Ke aidod imeneoly in rauiy instances with tho benefit of hia personal 
experience vdth traveling-wave tubes* l!uch credit is also duo to the 
non in tho machine shop and tub® department* Through their untiring 
efforts the tubes necessary to cany out tho experimental work were 
fabricated. 
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TABLES OF SYUBOLS AND ABU2EVIATIONS 



A Loss relating voltage associated with ths increasing 
wavo to total applied voltage. Evaluated to bo 

-9*54 db. 

B (Genoa) Ifegnotic Hus density required to focus electron 
ctroam. 

B Gain constant do ponding upon attenuation added* Value 
of 47 o *ith no loss and ignoring space charge effects 

C Gain parameter, product of circuit inpedan.ee and bean 
inpedanoo* 

E Electric Hold strength. 

E Peak oloctric field strength aoting on tho oloctron 
stream. 

„2 

£u. xepodanoe par arc ter* Ikiaeuro of circuit goodness as far 
©2p us gain is concerned. 



F (ra) Function of product of radius of helix and propagation 
constant equal approximately to 



7*154 o 



-.664 ra 



F(pa) - 




or 



signal output 

G Traveling-rave tubo gain, i. o. Signal input 
expressed in db, 

X/) Ebdifiod function of Ta in impedance equation 

V h> k 2> 

Iq Average electron convection current, d« o« beam current. 
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Bocm admittance. 



Pa.vor dissipated in added attonaation losses. 

Pervoanoo K - X 10~° 

V 

v o 

Helix characteristic impedance defined on a longitudinal 
field bade# 

Ilelix characteristic impedance dafinod on a transverse field 
basis* 

Cdd Iocs, added attenuation, expressed in db« Generally 
includes negligible insertion loss of helix. In some helices 
of very fine wire, this nay be as high as 12 db and not nagligl- 
bio* Those helices not treated herein* 

/cdd length of tubo in wave longths. 

. axial length length of holix wiro 

i* e. 7 or — r 

A s a # 

Power Hew in the holix circuit* 

Power in bo an V 0 * 

Pov.'or required to produce magnetic focussing field* 

Standing wave ratio. 

Volt ago signal on beginning of holix. 

D. C. beam accelerating potential. 

Iban radius of helix. 

Radius of electron stream. 

Relative velocity parameter. 

Valocity of light 3 x 10^ cm/coo. 



vii 



d Disroot er of olectren ctroaa d - 2b. 

0 2.718. 

f Frequency, cycles per cocond. 

k Efficiency factor. 

1 Axial length of holix. 

a r Distanco from holix. 

r. f# Radio frequency. 

u 0 Average (d. c.) velocity of electrons in bo an. 

v Velocity (axial) of signal as progros seo down tho holix. 

Phase velocity of tkuvq. 

A. v Velocity deviation, 

Liccinna. velocity at which interaction with an oloctron 

stream of volocity u Q will occur. 

Vb Minimum velocity at which interaction with an electron 

stream of volocity UU) will ocour, 

p Axial phaso constant. 

p e Froo space phase constant. 

t Propagation constant. 

£ Efficiency. 

kj Vtava length along longitudinal axis of helix. 

Froo space v/avolongth. 

v 3 * 1 * 16 * 

to 2 it frequency, i.e., angular volocity. 



viii 



1 






INTRODUCTION 



In 1942 Rudolf Konpfner began work on a rasthod to overcame the 
difficulties of a l&ystron oporatcd an a liigh eonsitivity amplifier at 
microwave frequencies. Tho chief difficulty which ho sought to ©vor- 
coo3 vus the trannit tin© of electrons crossing tho "working gap . n It 
is by a»ar -3 of interaction vdth tho electric field of tho gap that tho 
electron stream is energy modulated and also tho amplified energy is 
recovered. Tho basic thought occurred that tho energy transfer could 
perhaps bo hotter of footed if tho olectric field were traveling at approx- 
imately tho cams rate as tho electron stream, 

YTith this in mind, Konpfnor constructed a structure to clow tho 
oloctrosagcstic vavo to velocities corresponding to a reasonable accelera- 
ted beam voltage olectron speed. He constructed a coaxial lino Tdth tho 
inner conductor being a helix of such a pitch that tho wav© traveling 
around tho helix at approximately tha speed of light advanced axially 
at approximately tho speed of tho electron beam. VTith an experimental 
model ho discovered that amplification resulted with a signal iqprocsod 
on the helix and an olectron stream projected down tho axis. Tho elec- 
tron stream velocity had to bo properly adjusted or no gain was observed. 
IIo decided it was practical to uso one length of helical line as a bunchor 

and catcher combined. Thus a now tube, tho traveling-wave tub©, was con- 

(22 ) 

ooived. Tho conventional traveling-wave tubo of today is construc- 

ted cn tho principle ho discovered, with only minor improvements and 
modifications • 
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From this beginning, the traveling-war* tube was tho subject of 
such work, study, and development, It was found to havo application to 
amplification at microwave frequencies where uco of conventional elec- 
tron tubes was impractical. It was also found to produco gain evor a 
very largo bandwidth, A lator discussion will expound the bandwidth 
characteristics. It may bo compared to other high frequency anplifior3, 
tho klystron and triode representing tho best conventional tubes. 

Both havo tho same f undone nt cl limitationo as to bandwidth capability. 

As the band is broadened at any frequency, tho gain is decreased. There 
exists for any given tube a bandwidth beyond which no gain is available. 
This is due to the signal boing applied by means of some sort of resonant 
circuit across the capacitance at the input of the tube. In the travel ing- 
uT.vo tube this limitation is overcome conpLotely. Thoro is no input capa- 
citance nor any resonant circuit. The tubo is essentially a transmission 
line v.ith a negative attenuation in tho forward direct ion. The bandvddth 
can bo limited by transducers connecting tho circuit of tho tubo to the 
a oar co end load. This will be spooifically discussed later, Tho tubo also 
-will havo a change of gain with frequency, but this my bo controiiod by 
proper design. Thus, in a travel ing-vravo tubo amplification is achlcv- 
ablo at very higher frequencies and over extremely wide banduidths, ' 
Conventional traveling-wave tubes are plagued by internal feedback 
as aro other high gain amplifiers. This problem will bo tho primary con- 
cern of this thesis. Conventional type tubes which aro currently being 
built aro discussed and their characteristics, design parameters, per- 
formance, and limitations aro treated. Present methods of oscillation 
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suppression vrill bo discussed. An. alternative nothod of preventing 
oscillations is proposed with substantiating experimental data obtained 
iron a representative structure incorporating the principle . The ad- 
vantages of lovrer p ower dissipation, higher forward gain, and lcvrorcd 
cusccptibility to radical variations in individual tubas aro pointed out. 



/ 
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CH.JPTEH I 

' THECPcCTICAL DESIGN CONSIDERATIONS IN CONVENTION •£ TUNES 

1* General description of conventional traveling-move tubes. ' 

Referring to figure I, the basic components of a ropro sent stive 
tube may bo seen. Such a tube may bo designed to operate with 20 to 
20,000 volts accelerating bo am voltago at frequencies from 50 rogacyolos 
to 100,000 megacycles. Tho input wave is transferred from tho coaxial 
load to tho helix by moans of a matching coupler and a short pick-up 
platinum antenna, A molybdenum slecr/e is fit 'bod at ths base of tho plati- 
num antenna for anchoring purposes. Similarly, tho antenna at tho output 
end radiates the amplifiod onorgy from the holix. The matching coupler is 
osplpyod to effect the tr ana for of tho energy output to a coaxial lino. 

Tho oloctron gun is used to produce tho electron stream which provides 
tho sour co of energy similar to tho pL&to supply in a conventional tube. 

Tho beam travels faster than the signal on the hdix and imparts onorgy 
through interaction in being slowed down throughout the length of tho holix. 
The collector is used to terminate tho electron stream. The holix is used 
to clow tho signal wave progression to approximately the speed of tho beam. 
It will bo noted that tho gun anode, helix, and odloctor are all at a 
positive potential with respect to the cathode, ^“ <j; A roans for focussing 
tho beam is not shown. Using a parallel flew gun, a largo coil conducting 
current, wound with the axis coincident with the tube, provides magnetic 

focussing. Duo to increasing requirements, tho higher powered tubes use 

(15) 

Brillouin flow guns with resultant smaller focussing power and coils. 
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Another very vital pare. of the tube not indicated in the figure 
is internal lose. High gains aro exporioncod in the forward direction 
of the helix through interaction with tho bean. Union a a nearly porfoot 
saatch cxist3 at tho output coupler, tho reflected v;avo along tho halix 
trill return to tho input end in sufficient magnitude to sustain oscilla- 
tions. If the tubo is to bo used as an araplifisr, this feedback met bo 
Kiniaizod, In conventional tubas a number of methods aro in use, most 

popular of v.'hich i3 the addition of suitably shaped strips of aquadag on 

( 20 ) 

tho interior or exterior of the envelope along the helix* Aquadag 

is a lossy conductor tiiich vihen placed in an electric field has induced 
current flow* Energy is dissipated in the form of I%1 looses* The prin- 
ciple objections to this axe reduction of gain in the forward direction, 
reduction of efficiency, heat dissipation required, and tho unpredicta- 
bility of tho amount of loss introduced* The optimum thickness of aquadag 

for loss introduction is inversely proportional to the distance from tho 

( 16 ) 

helix and quite critical. The conducting properties of aquadag change 
radically when subjected to heat such as occurs in final processes in tuba 
fabrication* In tho vacuum r. f . heating and out gas sing, processes , tho 
proper losses as nmaeured previously may change greatly. Thus tho tubo may 
cone out with excessive loss resulting in low output gain. Conversely, 
the loss may decrease radically, resulting in a tubo vdiich is cccplotely 
useless. 



A number of attempts to subject the properties of a helix to quanti- 



tative formulation have been mode. 



(2)(3)(S)(10)(17)(1G) 



Ibny variable o 



are involved aid the interaction phenomena is quite complex. In order to 
have a theory simple enough to bo useful, numerous simplifying as Gumptions 

# All treatments males more or loss restrictive assumptions 
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must to made 



and obtain results which, though different in fora, agreo fairly well 
in predicted performance for any given set of par am tore. In sees oases, 
empirical f emulation of experimental results is onployod. Although 
nomographs, graphs, and equations exist in a great variety of ferns, ^ 
no single standardized theory is accepted as explaining completely the 

action occurring. The bulk of of fort in analysis has boon concentrated 
on a snail signal theory. A fairly caticfactcry and rcaeonablo for- 
eolation has boon accomplished by a number of nan working in the field. 



In general, no largo signal theory has been promulgated. 

( 11 )( 13 )( 16 ) 

2, Discussion of olootric field and trawling-waves. 

Considerable work has been dens to determine tho configuration of 
the field associated with a helix. Host important is the cagnitudo of 2 
v:hich acts upon tho electron stream. This is normally tho longitudinal 
1 on the axis of the helix for a solid small diameter bean. In large dia- 
meter helices a hollow bo an may bo employed, but for simplicity’s sake, 
only the former cace will bo considered. The ratio of tho square of tho 
electric fiold to power flow hae been evaluated by physical msasuremonts 
oven when it could not bo calculated. C. C. Cutler did this by allow- 
ing tho paver from a waveguide to Hew into a terminated helix, so that 

(3) 

the power in tho hoiix was tho sain as in tho waveguido. ^ He then com- 



pared tho field in tho helix with the field in tho v/uve guide by probe measure- 
ments, Tho fiold strength in tho waveguide could bo calculated in terms of 
power flow. Therefore, the field in the helix could bo determined by com- 
parison for a given power flow. The primary requirements of the 3 fiold 
for amplification interaction with tho boom is that there bo longitudinal 
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CGtifcrt-JAb alone the axis. Cutler ’a riot of experimental measurements 

of relative field strength oonfinjad tho pro nonce of 5“uch a component in 

tubes vdiich functioned ac amplif iors . The magnitude of the E Xiold on 

the axis £3 obtained by conpittation and cxpariniantal msasuronsnt is a 

( 2 ) 

function of frequency, being stronger for loner frequency. 

The field on tho outside of a helix is also of interest, although 
for a different reason. At low frequencies tho fields extend a greater 
distance outside tho holix, This makes th© suppression of low frequency 
oscillations feasible by the introduction of a collar of lossy ceramic 
around the tube. By proper distance location this csramic may bo quito 
effective cn trouble sons lev: frequencies, ard not materially affect the 

(n S\ 

higher frequencies in the designed bard pass. 

Similar to a wave guide, a helix is capable of supporting many 



modes. The modes with which travel ing^T/Uvo tubes are concerned are tho 

(13) 

transmission mods a. Reference to figure II chows tl re approximate 

instantaneous charge distribution on helices for the simple modes. Tho 
loscst transmission mode has adjacent regions of positive and negative 
charge separated by many turns. This modo is readily applicable to tho 
uravcling-wavo tube since tho adjacent regions of positive and negative 
charge arc separated by an appreciable acid distance, giving rise to a 
substantial longitudinal E field component parallel to tho axis at tho 
center of tho helix. The requirements as to spacing and circunferonco 



relationships are shorn in figure III. 

Ono thing which nearly all small signal analyses bring out is the 

(2) (S) (14) (17) (18) 

presence of four waves to explain tho resulting phenomena. 
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Tho I T s and K*o aro modified function of argument 7* a. The dashed lino on 

30 

figure If is a plot cf ‘y vs 7 1 a. For largo values of T a 



K t “fp 0 ) (£) 

Also, using a longitudinal vdtage, another impodanco may be defined* 



30 - JL. JtfL 

~ V r a 



Since 



V 1 " 



ZL V. 

P 



thou 




i 1 / 

The impedance parameter T“ is tvdee the longitudinal impedance* 

The transverse voltage is greater than the longitudinal voltage 
V- because of the circumferential magnetic flux outside the helix* For 
cl or; raves, • V^. Then the circumferential magnetic £Lux is small com- 

pared frith longitudinal Hun inside of helix* For very fast raves, longi- 
tudinal voltage becomes small compared vdtli the transverse voltage. 

4* C-ain end bandvduth considerations. 

Gain and bandwidth are so closely related that they will be discussed 
hero in conjunction. ISany of the variables and physically controllable 
design parameters are closely related to both. In designing a tubs it is 
generally necessary to compromise for best combined results rather than 
optimising one and alleging tho other to suffer. 

Certain relationships , although basic, are stated here for cake of 
clarity 
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but for v « o p = v 

Originally it was believed that a highly desirable circuit property 

for xd do bandwidth xmq constancy of phase velocity, v, with frequency. 

In order to produce gain, the circuit phase velocity mast be near the 
electron stream velocity. Efforts in design ware constantly tenor d 
minimising the deviation of v with frequency. This resulted in largo 
values of re, tho product of tko propagation constant, t>, and tho helix 
radius, a. Using this criterion, ccnsidorablo difficulty was experien- 
ced in obtaining high gain, i, o,, in excess of 20 db. without a groat 
deal of oscillation at frequencies remote from the designed center fre- 
quency, It was then discovered that by using a snail value of ra, high 

gain with a narrow bandwidth end freedom from remote frequency osoilla- 

( 12 ) 

tion could bo achieved. Tho small values of v a were classified as 
dispersive. There is no sharply defined line dividing dispersive from 
nondioporsive helices. Robinson and Kompfner established a criterion of 



Ta 



2 v a 



^ 1.2 



( 12 ) 

(19) 



Robinson in a separate article set this boundary at 2.0. A dis- 

persive helix is characterized by the velocity of the wave supported 
varying rapidly with frequency. Since 



r a 



ts a 

v 



2 7T f a 
V 
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K 
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' 



then 



v . U2: 

Ta 

It can be readily seen that for email values of ra* v will depart 
from v contor frequency more rapidly than it would for large values 
of a for a given value of a. Use is mado of the dispersive property 
to restrict the electronic bandwidth, i. o., tho bandwidth over which 
velocities are compatible for bean wavs irrtoraction to occur* Dy use 
of this design, tho bandwidth is restricted to a degree which it is 
easily possible to produce couplers having a very lew reflection coef- 
ficient* Thus oscillation tendency is reduced within tho desired band 
as well as out side* Tho sacrifice in bandvddth can be as large or small 
as dosirod* This design allowed tho construction of a 3000 megacycle 
tube, 1600 volt bean voltage with a bandvddth of 200 megacycles and stable 
gain of 25 db« Thus it was possible* due to the narrow band and good 
matching couplers (over such a narrow band) to use only tho insertion 

loss of ths wire in the helix, corns 12 db,, and obtain stable gain as great 
(19) 

as 30 db* This tube, however* lacks tho flexibility of operating 

over a wido rango or being used for broadband work. Also, attempts to 
achieve higher gain would require better couplers or added losses. 

Figure V is on approximate frequency-gain characteristic plot for speci- 
fic values, indicating the rapid docroace of gain off contor frequency in 
tho dispersive region. Figure VI is a similar plot indicating the exis- 
tence of a ra in tho dispersive region which gives maximum flatness for a 
symotrical band of frequencies . Another important advent ago of the dis- 
persivo travel ing^/avo tube is that tho beam current required to obtain a 
giver* gain is roduoed. A a a result tubes in tho disporsive region aro 
much loss noisy. 
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Another interaction circuit for which phaco velocity of the growing 



wave ie made to coincide with tho boon velocity over a narrow frequency 

(5) 

rango only is created by tho uco of an external "filter helix . " A 

circuit of tho typo desired, wherein phase velocity io fairly uniform ovor 
a narrow frequency band and chance a rapidly outside this band, behaves 
like a band pass filter, Tho uniform helix is in general a wide band 
structure. An iterated filter network with repetitive impedance discontinui- 
ties is a narrow band circuit. Leaking uso of a nondiepercivo helix with an 
oxtomal surrounding helix containing such discontinuities as suddon changes 
in pitch, a narrow bard structure may bo constructed in which the band pass 
region may be shifted by changing the filter helix, This appears highly 
dosirablo ao it increases the flexibility of a single tuba. The process of 
ohanging filter helices might entail retuning and adjustment of boon vol- 
tago. In general it world bo still mere desirable if a tube could be 
produced rdth a wide bandwidth in which oscillations did not occur and 
artificial losses were not required. This principle makes the narrow band 
operation more flexible than resort to dispersive helices, 

flow lot us see how gain can be computed. A number of graphs, para- 

... . , „ (4) (7) (W _ ^ , 

motors and approximations arc involved. The most universally 



used equation is 



G - A ♦ BCN 



EOT is tho gain which a tube would have assuming only the increasing wave 
pro sent and tho beam already in a bunched condition at tho beginning of tho 
helix, A is a constant negative quantity calculated to bs -9,54 db. It 
is largely to compensate for tho gain not obtained at tho first part of 
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tho helix while tho been is boing bunched . B is taken as 47.3 with no 
loss and ignoring 3paco char go affects. Now 






Tho circuit part of C is measured by tho cubo root of an impedance, 



which relates tho peak E acting on tho oleotron ctroam, tho phaso 



£ 



E 2 

&£? 

(vZ \1 

constant, and tho power flow. -W*; — ( is a measure of circuit goodness 

) 

as far as gain is concerned. To obtain high gain, it ia desirable to have 

a circuit with a high impedance paramo tor. It is also desirable to have 

t ( g2 > ^ 

a high beam admittance, • For a givon helix io apprccd- 

Vo (0*?) 

matcly proportional to F (ra) which empirically is approximately 

-*.6647’ a 
7.1540 w 

Since 

w 

ra - — a 

F(ra) docreaces as froquanoy increases. Physically this is bocauco at 
high froqU 3 ncioc (short wave lengths) for which tho sign of tho field alter- 
nates rapidly with distance, the field is strong near tho helix but falls 
off rapidly away from tho helix. Hence, the fiold to interact with the 
beam is weak at tho axis because of tho more rapidly curved path of tho E 
linos for short wave longtho. Tho charge distribution in figure II can 
bo visual is od as boing compressed axially, so that E doe 3 not protrude 
as far toward tho axis. Tho £ field strength at tho helix surfaco do- 
croasos with frequency also. At very high frequencies the field falls off 
away from the helix approximately as 0 -rnr whero a r is distance from tho 
helix 0 If A r is infinitesimally small, ;vith ? boing directly proportional 

13 



to frscuvncy, it car* be seen that tho electric field strength is pro- 
portional to 0 - £ 1 . Therefore, S becomes weaker at tho boundary 

with higher frequencies and decays core rapidly to'.rard tho cxic. IT is 
tho number of wave lengths along the axis. It is directly proportional 
to frequency since, at higher frequencies, Aj becomes shorter, making H 
increase with frequency# 

A summary of this should point up tho reasons for tho inhoronfc 

(l)(16) 

broad band characteristics of a traveling wave tube# A 3 phaaa 

velocity deviates from electron velocity tho interaction la not as strong, 
thua tending to decrease gain both above and bolero corrtor frequency# Tho 
allowable range of velocity deviation at which gain can be realized in 
of the order of 

A V " * C 

Thus, tho allowable difforonco between the phase velocity of tho circuit 
and tho velocity of the electrons increases as circuit impedance and beam 
current cut increased for a fixed beam volt ago, Tho gain is proportional 
to P (T’a) IT# IT increases with frequency while F (m) doorcases with fr*- 
quency, due to wo alter E on tools# Those two factors, tho E fiold becoming 
wsalzar at the axis decreasing C, and the number of wave lengths increasing, 
tend to balance each other and extend the bandwidth# Thus, travolieg-wavo 
tubes are initorontiy broad band device a. 

5# Beam vdtago considerations. 

Tho choice of V Q , tho beam accelerating potential is quite important# 
It io very closely related to tho length of tho helix, gain, focussing 
power required, and powor capability# To dciaonatrate tho relationship, 
representative or optimum values are assigned to ra, b/a and fo# Tho 
center frequency of 3000 megacycles Is chosen because problems at this 
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frequency ere representative of a vide band extending downward to 
500 megacycles and upward to 4 £000 megacycles. A ratio of 

b m rt 

a ‘ 7 

is selected. This is a practical figure, being largo enough to obtain 

sufficient power in tho bean, yet not so largo os to males helix current 

excessive. Tho value of 1.8 ±3 assigned Ta, Tho constant, T , is in- 

4 

vorsely proportional to V o « Thus tho helix radius, a, must bo directly 
> 

proportional to to maintain a constant. Tho value of 1.8 represents 
approximately tho best gain-frequency characteristics* Computations 
indicate this value gives tho maximum symmetrical flatness, 
a. Determination of B (gauss) required for Br:lIlo'xln EL 017 as a function 
of Vr> 

Using tho constants as selected and two graphs, i. ©., figure YU 
"Beam Current vs Beam Voltage with Perveanco, K, as a Parameter and Con- 
stant Beam Power Contours" and figure VIII "Bagnotic Field for Brill ouin 
Plow with Perveanco K ac a Parameter", tho values of B can be deter- 
mined. Ropre cent ativo values of 1, 10, 25, 50, 100, 500, 1000, 5000 watts 
beam power are used. Ucing figure VII, tho Beam Voltage, V 0 , and Pervoanooo 
are recorded for a fixed power. Then using this V 0 and K, the product Ed, 
where d is diameter of beam, is obtained from figure VIH. The value of 
d is computed. Since 



T a » 


| a - 1.8 


C 506 


1.8 - 


2 1 r $?i.0 7 a 


2 7T a 
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1.8 V 0 * 
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helix 


50.6/27/ 
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with tho known diaamtcr of beam, B^, fU is determined by dividing tho Bd 
as determined graphically by d as computed. 



It is also possible to f ormulato rathaiuiticaLly tho B J4its required 

(15) 



for focussing with Eriliouin How. 



Beginning with 



B 



gauss 



1660 

d o 



K 



- hJ£ 



v O 



* p 0 - ?o 



Substituting, ' ’ 

1660 x 10”'V o ^ 1660 x 10**^ Vq 

B ga^3 “ .000795^ T ’.00 , /95 ^7 o ^ . 

Thus for fixed P B - B-lAo* 5 • It is apparent from this, and also from 

curves, figures VII and VII, that for lor/- B yavii , values of V 0 should bo 

as high as practicable. Physically this signifies that a vroak highly 

accoloratGd beam is moot easily focussed. For a plot of B S4V Jvb V Q with 

constant Pg and K contours for constants selected, see figure IX. 

b. Determination of required length as function of Eain. boom voltage. 



porve.mca and power 

Nov; it is desired to find how the power, porvoance, and boom voltage 
affect tho roquirod longth of tho tube. As previously, 

G - A ♦ BCIf 

In tills equation, experiment and theory indicate that A, tho db loss re- 
quired to bunch the beau is the ordor of 10 db. A value of 25 is choson 
for tho constant B. Pierce predicted B « 47*3 ior no loss or space charge. 
However, if an averago amount of loss is added to decrease tho oscillation 
tendency, and spaco charge is accounted for, the value of B do creases to 
a representative figure of 25. Of course, this can bo varied by the 
amount of looses introduced. 
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' Correction factor for Solid Boas J 

Thoro aro a mmibor of other method o of formulating tho P (/a) Z 

but oil load to approximately similar numerical 



J 



[Solid Boas 
[Correct ion Factorj 

results, Tho graphs in Pierce’s book, "Travel ing-V. : ave Tube a," aro usod 
in this asthod.^*^ 

Also, 

v 



2_- ° 
Po v 



p 



for v« o 



F(ra) » 2.3 

Solid bean corr, factor ■ 1,2 



~) 



Graphs by Pierce 




22 I, 



>3 



2 V ^ V ** 
*o v o 



N 



- <L - )< 



• 50 6 1 
10 V 0 * 



G - -10 + 25 x n hi . 50 o 6 l 

V **■ V ^ 

v o v o 

(G + 10) (V 0 ) (G * 10) V 0 



25 sc 21 x 50.61^ 



13900 Io 



Kay, by assigning values to gain in db and using values of I Q and V D as ob- 
tained from figures VII and VIII, 1 can readily be computed. To obtain a 
short 1, it is desirable to have a largo I y and small V 0 , Those conditions 
aro rot when pervoancc is high (paver fixed) and beam volt ago low, giving 
high currant density. That a lo v/ V Q io desirable to obtain email 1 can 
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further bo demonstrated b y substituting for 1^ . 

} " # . ) o< 7 ^ 

V 0 

For a plot of 1 vs V 0 with constant P 3 and K contours for the const onto 
selected, cce figure X, 



c. 0rjt5-TKun length-foc ussin g ocxr or c ondit ions 

w ^ mwp^h»» W ■ pU fc-M. a in * ■ (I ■ ■ ‘i n mmm m > m »i ■ M i 

The conclusions of (a) end (b) establish opposing trends of for 

3 f<vis £a& 1* For a fixed perrer, tho larger V 0 , tho soaLlor B s « v{S required* 

Kcwover, for small / , lc w V is required* Thu3 it might be expected that a 

proper choice of 7 and K for a fixed poorer would yield minimum combined 

B a * uls ana 7 0 . However, cinco 33^ «< NI, with fixad K, $ * 1^} I 2 R - P 

thoreforo I^P end also P Using as a criterion tho product 
mag* snag. 

of magmatic power required and the helix length, by substituting it is soon 



that 



£ 



( „ / I6t0 x 10 



r3 



.00795 




B 2 /«<4-r, 

v 0 -<■ 



.03M V p 
Pi v, 



6 






0 -O 



Tills indicates if focussing field power and length considerations 
cr-i of equal importance, that the- maximum possible available voltage should 
be used. A plot of 3^,1 vs V £ ehoring constant Pg and K cent cure, ie 



(7) (16) 



presented in figuro XI, 

6* Pe7/or output and efficiency. 

Vfoen an electron boam is shot through the helix, the electrons are 
accolerated or decelerated by the fiold of tho wave, ccpe airily the longi- 
tudinal S’ fiold. As a result tho boon electrons will be bunched. Because . 
of the bunching action, thoro will be, in tine, core electrons decelerated 



IB 












f 



than those accelerated ovor any cross section or vico versa. As a re- 
sult there rail bo a net transfer of energy from the beam to the wav®, 
or from the v.'avo to the beam. During amplification the electron bean 
behaves like a gens rat or with negative conductance, supplying power to 
the fields through a not I 033 of kinetic energy by the electrons. 

As long as the discussion is limited to low level r« f . paver 
throughout the tube, the assumption of a constant electron velocity u 0 
is valid. The energy transferred from the electron beam to the r, f . 
field rail be a negligible fraction of the total kinetic energy of the 
electrons. The electron beam initially meres at a higher velocity than 
the interacting vrave. As the individual electron progresses along the 
tube it loses more energy in deceleration than in acceleration. The 
averago electron velocity will decrease slowly at the beginning but will 
decrease rapidly toward the end since r. f , power level increacos ex- 
ponentially. Assuming a long lossless helix, maximum energy exchange 

v 

occurs if the boom enters with a velocity a corresponding to the upper 

V 

end of amplification range and leaves with velocity b, corresponding to 
the lower end of interaction range. idaximum efficiency of energy con- 
version is 



£ - 



2 2 
v a - Vb 



( 2 ) 

For a typical tube the upper limit is from 10$ to 25$. 

A theoretical evaluation of power output requires a theory of the 
non-linear behavior of tho tube. At the present time the power capa- 
bilities and efficiencies attainable in practice leave considerable to 
bo desired. Ono thing appears clear from both theory and experiment ; 
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the gain parameter C is important in determining efficiency. It r.us 

V v 

previously seen that a and b were dependant upon C, l&sdma officienoy 
is proportional to C by a factor k which varies as velocity parameter 
bj , Hones 



v> 

* out 



k Cl, 



Vo 



For an electron velocity equal to unperturbed wave, efficiency is equal 

to 3w Thus if 0 is ,25, efficiency is 7«5^« Kovraver, if C is increased 

( 16 ) 

to ,1, which i3 physically attainable, efficiency should equal 30$. 

Experimental efficiencies are found to be very low, Three reasons 
my explain the cause of lowered ©ffioiency. First, small nonuniformities 
in wave propagation set up no w v.ave components which extract energy from 
tho increasing wave , Tho excitation of parasitic modes lowers paver out- 
put, Second, theoretical assumption that the a-e field is constant on 
all eloctrono in the beam does not held. Electrons more remote from 
tho helix are acted upon less favorably by tie E field. Third, conventional 
tubes have a central lossy section foil cued by a relatively short output 
section. Such tubes my be overloaded so severely in the lossy section 
that a high level in tho output section is never attained. There is not 
enough length of loss free circuit to provide sufficient gain so that 
th3 signal can build up to mxienn amplitude from a low level increasing 
wave, Other tubes with distributed loss suffer because tho loss cuts 
down tho efficiency. 

If at a given frequency, I Q is increased, V 0 held constant, both 
input power and efficiency should increase. Since C varies an J. Q ’ by 
changing current alone, I 0 ' • Also, at a given voltago, current, 
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and C, the efficiency increases aa the diameter of helix is do creased. 
However, as the helix dan me tor is indo smaller, it is necessary to de- 
crease I q and optima gain occurs at haulier frequencies. 

The helix was at ono tino believed not to be adaptable to large 

pc.ver outputs. Instead, periodic structures, such as baffle loaded coax- 

( 6 ) 

ial structures, which conducted heat better than the helix wore studiod. 
However, helix type tubes are being built with increasingly higjiar powers 
in both the pulsed and cw outputs. The heat diooipativo properties of 
the helix are being worked on to improve the power capabilities. 

7. Cold loss required in conventional tube.^^^ 

Fundamentally, ertificial attenuation is required in helix typo 
traveling-wave tubes because of the difficulty in securing reflectionloss 
helix terminations over the extremely wide amplification band of this typo 
of tube if the V a is large. It is generally assumed that, at some point 
in tho helix amplification band, nearly complete inflection rail occur at 
both couplers. To prevent reflections from resulting in regenerative os- 
cillations, such devices as dispersive helices and filter holicos are re- 
sorted to. They limit tho amplification band end simplify the coupler 
requirements. However, with sufficiently high gain, duo to coupler limi- 
tations (coefficient of reflection being too high) oscillations again be- 
come of concern. Likewise , with nominal gains in broad band helices, sine© 
compromise of higher coupler coefficient of reflection has boon made in 
exchange for wider bandvddth, oscillations are a problem both within the 
<u signed band pas 3 and outside where amplification, though decreased, still 
exists (as velocity is still compatihlo with beam velocity) but a vory 
high coupler coefficient of reflection exists. 



a 



I 



To prevent reflections from resulting in rcgcn crative oscilla- 
tions , attenuation is introduced . Ln general, attenuation is intro- 
duced that exceeds the not grin of tho tube* This condition is found 
to automatically prevent oscillations at any other frequency for which 
terminal reflection s aro large bccauco lowered forward amplification 
generally accompanies departure from designed center frequency. 

The subject of added loss and tho effect upon output gain should 
bo considered in nioro detail. First consider the criteria for os- 
cillation. Tho incident signal will be amplified in the forward direc- 
tion by an amount of G. This is tho G from the equation 

G *» A ♦ BCII 



The G is tho actual amplification realised i, ©., voltage output/vol- 
tage input. The 3 to be substituted in tho equation is approximately 
25 found experimentally by gain cnasurocentc on stable tubes. For 
oscillations to occur (refer to figure XII) the signal starts at (l), 

±3 increased by G in the forward direction and at (2) a fraction of 
this is reflected. The signal i3 diminished by L in the reverse 
direction and reflected again at (1). If the overall gain of this 
loop is unity or greater, oscillations vail occur. 

As an illustrative example assume that a S\'!R of 2.0 exists at both 
input and output couplors. This can bo achieved with little difficulty 



over a wide band. New, 



S 



tdv 



1 + ko 
1 - ko 



2 



2(1 



ko)“ (l + ko) 

.1 

ke “ 



Assume a forward gain of 40 db io dosired. This is equivalent to a 
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voltaic rain of ICO 



Krnco, 



or 



103 x 



n 




1 




« 1 




0,09 



L db * -21 db 



40 ~ 9o& — L — 9,56 — 0 

L *'21 db 

1 

(-9,56 loss cqrdv. m T* ) 



Figaros XHl(a) and (b) are curves plotted for an input STS of 1,5 and 
2,0 respectively with variable output SWR and constant G contours . 

Just how much does this 21 db of cold loss reduce the gain? By 
direct substitution 

G - A + B(CN) » 40 db 



GJ - 2 



G 



no cold loss 



« -10 + 47.3(2) 



Bit, 6 db 



This would indicate that the gain actually realized is 44*6 do le33 
than that theoretically possible. Tills figure is a trifle high, indi- 
cating that the theoretical gain is too high. Sons of this can be 
attributed to space charge effects vdrich are not accounted for in theory. 
The rest is duo to other simplifying assumptions or imperfections in 
actual helices not considered in theory. 

The cold los3 does not subtract diroct.ly from the theoretical gain. 
In practice a cold less approximately e^uil to or greater than the de- 
sired output gain is added. Depending upon design, the gain of the 
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uicreasr-ng 



;di xed from l/3 to l/2 of tho 



( 16 ) 

cold loss « Thus, 



IT It i 3 desired to produce 0 tube with on output gain of 40 it would 
lo accessary to design a tuba with 60 db gain and 40 db of cold loss 
added. Half of tho 4 0 db subtracts iron tho gain achievable without 
cold loss. Thence, if in adding tho cold loss too ranch loos is added, 
say an extra 10 db, the output vrouid bo reduced by 5 db. 



In a previous section on dispersive helices it won stated that a 

tube of 30 db gain with no other I030 than that of tho wire (12 db) had 
( 19 ) 

been devised. This tubo was hig-iy dispersive and doss afford an 
answer to added odd loss. However, this paper is primarily concerned 
with nediun dispersive tubes having a bond width of at least 50/5 centor 
frequency rather than tho higiily dispersive type having a 10,5 band 



width 
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PROPOSED ECFEFJLIZiTAL IJTEXtllUPTED - TESIINATED HSLIX 



( 21 ) 

1. General do script ion v.dth discussion of principles. 

Tho principle suggested is briefly explained by reference to figure 
XI7. Instead of using a single section of helix ae both "bunchcr" and 
K catcher" as Kompf.ce r decided to do, divide the helix, Use the first 



section for a fcuncher, torranate this section and dissipate tho signal at 
tho end of the helix, Uoe the modulated beam, to convey the intelligence 
to the second section of the helix. Obtain isolation botuocn the turo 
socticns by an open circuit. This vail decrease tho tendency to oscillate 
since tho gain for either section Trill not be as great as a similar undi- 
vided tubs , Hence, the coupler nood not be as porfect as required by a 
conventional tube. Or, taking a different view, tho feedback path is re- 
duced. The second section of tho helix is also terminated at the junction 
with tho first section. This till absorbs energy reflected from the out- 
put coupler, further decreasing oscillations. 

The advantages of such a procedure are evident. First, higher gain 
should be realised from a tube of given length. Loco dissipation should bo 
necessary since now the oscillation is materially reduced by the division, 
of gain. Finally, tho amount of loss incorporated in the termination cay 
bo allov/od to vary over wide Unite. The only limitation is that it re- 
main great enough to absorb tho energy in the first section and tho re- 
flected energy in the second section. 

First, lot us soe how much increaco in gain can be realised. Fierce 
calculate a tho loos incurred by severing a helix vdth nsar soro separation 
to bo - 3.52 db. v ~ X> Thic is loot because no 3 field io present for beam 
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interaction until tho boon induce 3 a signal on the holix again. Therefore, 
the increase in gain of a conventional tub© would bo v -. Vr r f uI- w . 3*52) db, 
which in an average 30 db gain tube would amount to 12 db. 



Tho power dissipation in cold loco in a conventional tube will now 
to approximated, For example, assume a power output of 1 watt, gain of 
30 db. Since th3 cola loss is half effective on tho forward gain, a gain 
of 45 db v*ould have boon realised without it, giving a total output of 1,75 
watts, Whether or not the added loss dissipates ,75 watts or a looser 
figure is not certain but experimental evidence indicates a substantial 
amount is dissipated. In addition to this, tho 1 watt output if extracted 
by a coupler whose ko io l/3, till have 1/9 watt re fleeted which crust bo 
absorbed in tho added loss if oscillations are to be prevented. In tho 
divided helix, (assuming 17 db of gain in each section) since tho signal 



started at ,0d trait it till be at a ,050 watt level at the first terrdna- 
tion. In the second helix the 1/9 watt must bo dissipated. It is quite 
apparent that this dissipation is materially loss than ,75 watt. 

On the third point, little concrete can bo said concerning tho varia- 
tion in measured ccld loss. If 30 db of isolation between sections is 



sufficient, it little natters if tho final manufacturing processes change 
tho measured loss from 60 db to 31 db or to BO db. Little effect on per- 
formance should be noticed. This io not tho case in tho conventional tube 



where losses directly affect output gain, 

( 21 ) 

2, Ihrporinerrtal data, 

a, Tho experiments! work of this problem was done entirely on helices 
designed to specifications of ^a •* 1,5, V Q <* 1260 volts. 
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V ** 



. 0703 ^ 



Therefore, 




506 




This v does not take into account tho decrease dua to preemnity of class. 
Experience has indicated that Tdth an average cloaranco fit of glass on 
helix that v glass present » ,75 v. 

Hence v (design to allow for glass present) - ,0937 o or c « 10.65 v 



a « 



(•^a) y 
o 



ed an diameter “ 

circumference - 

c 



AtlL.cszU. 

2 TT 3 X 10^ 

2.54 . * W ° 

tins •• axial distance 
v 



CXU 



— — « axial distance betwoon turns 
0 

sr.176 x .125 - .0693” 



turns per inch “14*4 

The experimental helicos wore wound 14 turns per inch because fractional 
turns gearing was not available on tho latho. 



b. Termination problem, 

Tho problem of properly terminating a helix begins with the input and 
output etching couplers. If perfect matching couplers could bo doviced, 
the oscillation problem would not exist. For comparison, generally the 
merits of a coupler are stated not as the coefficient of reflection but 
rather as tho standing wave ratio measured on a standard 51*5 ohm slotted 
lino at the coaxial lino to coupler Junction. At tlis present state of 
the art, couplers which give a 1.3 SYzR over a froqucncy band of 200 mega- 
cycles centered at 1000 megacycles can be constructed. LiksTiise ccutlors 
can be built which match with a 1,7 SAB over a band of 2000 mogacyolos at 
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a center frequency of Megacycle*. In general, tho higher the center 
frequency, tho poorer the test attainable natch. 

Tho type couplers need in thin work are shewn in figure XV, At first 
the stab was 1 l/L 6 K lens* slightly greater than a quarter Tnvolongth at 
cantor frequency. Tho molybdenum sleeve and interior of the stub cay bo 
considered a coaxial tram emission line. Thus the open circuit at (B) 
appears as a short circuit at (A). Likewise, the large area of the mly- 
bdenuu cylinder appears as a large capacitance acting as a low inpodamco 
r, f . bypass for signal frequencies. Thus, the cylinder is anchored to 

* 

the coupler and fixes ono eni of the pick up antonna so that it nay be fed. 
It was found that by reducing tho stub length to 3/4” and using a taporod 
sleeve length of 3/4 n » better results could be obtained. Tho couplers 
ware tuned by use of a frequency swept klystron oscillator vdth a direction- 
al coupler and scope presentation of frequency vs reflection magnitude. This 
was rapid and enabled the best coirproraiso overall match. 

-or; tho main problem of terminating the interruption in tho helix trill 
bs discussed. There are at least three possibilities: 

(1) The helix racy bo terminated in a spiral similar to a helical 
antenna which my bo encased in the glass envelope, 

(2) The helix rviro nay bo bx'ought out through the envelope at sore 
location along the tube, %■ proper impedance mtching techniques and cor- 
rect restraining configuration, it my be connocted into a dissipative 
load, 

( 3 ) Th3 helix my bo v/ound back upon itself similar to a coupled 
helix and tho loos incorporated in the back wound helix. 
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This paper trill bo restricted to experimental worlc deno on (1). 
Invcctiration revealed that ( 2 ) had already been undertaken with none 
too cue c 2 3 sful results. ( 3 ) is an exiontion of (l), having moro diffi- 
cult restraining problems than ( 1 ) plus tho coupled helices principle. 

It appeared that (l) trould bo core simple than (3). 

The construction of tho hoi ice 3 was dona in the conventional earner, 
by ’winding on a mandrel in a machine latho . The mandrel was incortod into 
a cone at one end. The cane had a thread machined on it. A varioty of 
types of taro, tungsten, copporpLatod tungsten, and molybdenum in , 020 n 
and .030", was used. Nearly all helices wore eventually wound from 
molybdenum. It lacked tho rigidity of tungsten but also was not nearly 
so brittle* Tungsten was highly desirable from a point of view of re- 
taining exact shape* However, tho helix and spiral was first wound and 
fired to cetj then tho spiral v.as pressed and fired again to cat flat 5 then 
if the spiral was irregular, it was fitted into a Hat threaded steol fora 
and fired for a third time. Attempts to combine the second and third 
operations with tungsten failed due to spring qualities preventing it from 
being compressed into the face plate thread. The repeated firings mado 
the tungsten so brittle it precluded tho possibility of its use. 

The first check made was to see if the ccns shaped spiral, prior to 
being pressed, would constrain the wave and if it could be loaded 3.3 a 
dissipative tenninaticn, This was a simple, less difficult configura- 
tion than tho flat spiral. It was believed any results would to applicable 
to the flat spiral with certain reservations and modifications . A I5 0 
central angle ccne with 9 turns per inch (measured along the axis) 2 inches . 
long was first tested. 
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It eight bo r;oll at this point to describe the cot-up for measur- 
ing S.'Z l along the helix. This was to serve as a criterion of how wall tho 
hell:-: t;as terminated. The coupler was cc cured in a split brass pipe of 
1 3/h tt diameter by a hose clamp uni eh could be loosened to enable ad- 
justing for a natch. The boiled end of ths glass envelope was hold fine- 
ly by a teflon disk which v/&3 clarjped in the brass shell. The entire shell 
was clumped to a 3/$ u flat slieet of racial which was very rigid, ISountod 
on the mstal sheet was a carriage vhieh had a distance scalo calibrated 
in cont ins tors. The carriage height vas adjustable by four screws so it 
could bo leveled up and tho attached pick-up probe cot at a desired 
distance from tho gLas3 envelope. 

The SVJS noasurcLicnt along the helix was quite a difficult problem. 
Eosicslly, a single sloe/ wave traverses the helix. However, an essen- 
tially unguidod freo spaco -rave is present also. The latter my be re- 
duced to a very grail amplitude by appropriate launching and care in ter- 
minating the spiral waves. Another way of eliminating tho n fact n v/evo is 
by placing the helix inside a pipe too snail to support other navoguido typo 
nodes • In this case it ’mould haw ns ant a pipe 1/2” in dianster . However, 
it would have been necessary to split tho pipe to enable tho introduction 
of a probe. Appropriate launching was tried. Caro in terminating tho spiral 
\ roves was only possible when the spiral w.s a good match. hh.cn the spiral 
properly terminated the helix, a small S7TR vas observed which was regular 
along ths helix. IShen it did not, a very irregular wave was observed. This 
could be attributed to the presence of a "fast" wave, parasitic nodes, and 
multiple partial reflections. It was found that a very small loop probe 
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worked best. It picked un the desired wave and largely excluded the un- 



desirable. A round circular probe which completely encircled the helix 
envelope was partially successful. A pointed probe nan ccnstructedj also 
a shielded factory-nanufacturod point probe with a tuning stub was tried 
but finally only the small loop us used for the bulk of the measure- 



ments. It was also found that tlx closer to the glass envelope the probe 

was placed, tho hotter the ratio of At first approach 

it would soon that tho boot noasuranonts would bo at the ©ago of tho fields 
so as not to distort tho linos of forco. However, tho dosired wave v*as 
found to decrease in strength in an exponential manner whore as the para- 
sitica decreased linearly. In general, the complex wave pattern problem 
was most unfortunate. Due to tho irregularities of consocutlvo maxima* 



and minima when a high SHE existed, no definite S<Ji could bo cot for a 
given froquoncy in case of Si 3 >1.5. This eliminated the very valuable 
process of comparing high haL5x STol » a and determining when intprevement in 



termination existed,. 



Her/; a helix with a tapered spiral termination chained as removed from 
tho cone was first tested with no losses whatsoever incorporated. Throe 
isolated frequencies were observed where lew SVB islsted in the 2000 to 
4.000 megacycles bond. 

Then an attempt was mado to load, tho spiral, Aquadag was coated on 
tlx outside of the glass envelops from the helix junction about half way 
to tho end. It was also painted on the inside from the end of spiral to- 
ward tho helix, overlapping slightly the coating on the outside. This was 
not successful, duo primarily to inability to apply aquadag smoothly with 
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a brash because x,a& aquaia^ . -,o «c;. tho ..to ng thickness* Even- 

tually, the interior aqua r 1 .. VvJTlC’ ' , r ed and replaced by five evenly 
spaced longitudinal slabs of sac a approximately 1 l/2" long, ,14" >ddo 
and .004” thiol:. The sprayed aquadag neacured 200 chaa per square and 
was placed T.dth the unpainted a iaa side toward the epiral. It effec- 
tively loaded tho spiral very vrsli . A lovr Shit, below 1J.5 ms measured 
along tho helix from 2400 megacycles to 4-000 megacycles , A similar 
helix with a epiral of 4 turns per inch (along axis) -woo tested. It 
yielded a lew SOI along tho helix from 4000 dorm to 2000 megacycles. 
Tilth this representative in.foroar.ticn in hand, the spirals wore 
pressed flat and fired to sot. Then to further insure urdfon&ty of tho 
spirals, they vers fitted into thrc&dsd steel blocks, clamped in place, 
and fired. 



Now tlss helices rrith flat spiral terminations wore tested. It ms 
found that, vrith very careful loading, a SkH of 1,15 or under ms observed 
on tho closoly spaced spiral from 2000 megacycle 3 to 2500 rngacyclce. 



Tho aquadag loading had to bo extremely thin and as oloso to tho spiral 
as possible, i. c,, ,0005” • Tho required close proximity ms indicative 



that with iiiio tight spiral the. fields are very close to tho wire. Per- 
haps if it wore pcssiblo to pot tho outer turns an a lossy ceramic the 
xd.gli end could have boon matched. On tho widely spaced spiral with load- 



ing a distance of ,002” an excellent match with a 1,05 or under SSft on tho 
helix ms achieved from 3100 megacycles to 40C0 megacycles. 



A threaded cone ms machined for a compromise 7 turns per ir.ch 
(cxiolly) end a helix and spiral prepared. After experimenting vdth tlio 
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.ivoxO. 



between the helix end cpiral , 



r. successful match was achieved 



free 2 OCO to 3400 megacycles. Again however, the loading' Ties very close 
to the spiral* It in further believed that the real answer to the par- 
ticular pr obi era is a 6 turn per inch (axially) 15 ° cone proceed into a 
flat cpiral vdth aquodag loading of 500 ohm per square at a distance of 
.001“ or closer. 



In passing, a word should be said concerning the junction between 
the hello and spiral. Effort was made to vary this, keeping a constant 
7 a end rounding the place tho helix ovdvod into a spiral , In tho last 



elements produced, good re suite were obtained by having tho last turn of 
the normal helix diameter enter the flat cpiral at tho normal pitch and 
from thence transform into a flat cpiral. This ic a desirable form since 



tho minimum helix ceparation ic desired to prevent aobunching of tho 



team. 

( so) 

c, Ic elation problem. 

Coro: ido ratio experiment al work was dons in attempting to obtain a 
high degree of isolation between tho two helices* Previous measurements 
by Ik. Ccorgo Llathor, of Stanford University Electronic Research Labora- 
tory indicated that a simple covered helix in a glr.es envelop© must liavo 
a separation of 1/2“ to achieve an icolation of 40 do. A cinilar test 
indicated that if tho glass envelope wac expanded at tho separation of tho 
helices that 1/4" vrauld give 30 db of icolation. 

In tho case with tho spiralc facing each ether, without effective 
leading, separated by . 005 ", approximately 25 db of icolation was observed. 

The reason for tho higher than expected figure was due to tho helices 

(3) 

being of opposite thread. However, because the spirals trero not matched 
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I 







hole to permit passage of tiu h- ‘.a., interposed end r.-clded to the 
input end. This resulted in 60 db of isolation, However, in the final 
stages, when the spirals wore matched and loaded, tho isolation usasure- 
cent was rechocked without an intervening copper disk, A value of 50 
db was observed. This further substantiated the contention that tho 
energy was being dissipated in the terminations. For a cleat eh of final 
product, coo figure XtTI, 

In closing it night bo said that no doubt technical difficulties 



nay appear in the construction of this tuba. At present it appears from 
cold rsjasurcsonta to sho w considerable promise. There are undoubtedly 
new difficulties which v«ould arise in a tube with a bean. However, it is 
believed that tho principle is basically sound and indicative of meriting 



additional resoarch 
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